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The correction for antenna phase center is considered in processing Global Positioning
System (GPS) data collected from a network of GPS ultra-short baselines. Compared with
the leveling measurements, the GPS results show that the relative vertical offsets for the
pairs of GPS receiver antenna phase centers still exist, although absolute calibration of the
antenna phase center variations (PCVs) has been considered. With respect to the TPS CR.G3
antenna, the relative vertical offset for the LEI AT504 antenna is 8.4 mm, the offset for the
ASH701945C_M antenna is 5.5 mm, and those for the ASH700936E_C and ASH701945B_M
antennas are approximately between 2 mm and 3 mm. The relative offsets for the same
type of antennas are approximately 1 mm. By correcting the absolute PCVs, the existing
relative offset becomes negligible for horizontal positioning.
© 2015, Institute of Seismology, China Earthquake Administration, etc. Production and
hosting by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Global Positioning System (GPS) technology has been used
to observe three-dimensional crustal movement. However,
due to the errors of atmospheric refraction, GPS satellite and
receiver antenna phase center variations (PCVs), and other
sources, the vertical positioning precision is only half of the
horizontal positioning when GPS is used to monitor crustal
movement [1]. When GPS data are processed without
correcting for the PCVs, the bias in the relative station
height can reach up to 10 cm if different antenna types are).
ute of Seismology, China
er on behalf of KeAi
na Earthquake Administr
ss article under the CC BYmixed [2]. Since Nov. 5, 2006, the absolute values of PCVs
have been considered by the international global navigation
satellite system service. Therefore, the precision of the GPS
vertical component has been improved significantly [3e5].
Since the 1980s, China has established thousands of GPS
observations; one station may install different receiver an-
tennas during different surveys, and each station in a network
may install different antennas in one survey. All these an-
tennas produce deviations for GPS height measurement [6].
The GPS data collected from ultra-short baselines were
processed with absolute calibration of the PCVs. Compared
with the leveling measurements, a relative vertical offset forEarthquake Administration.
ation, etc. Production and hosting by Elsevier B.V. on behalf of KeAi
-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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recting the PCVs. Hence, the relative vertical offsets for several
antenna typesoftenused in theCrustalMovementObservation
Network of China (CMONOC I) and the Tectonic and Environ-
mental Observation Network of Mainland China (CMONOC II)
were determined to improve the accuracy of crustal vertical
rates obtained from the campaign mode of GPS stations.2. Principle and method
The principle of this experiment involves the comparison
of the height difference [6], as shown in Fig. 1.
Two sets of GPS receivers and antennas are installed in two
monuments (A and B) using separate forced-centering appa-
ratus. The geodetic heights of A and B are H1 and H2, respec-
tively, and the heights of the antennas are h1 and h2,
respectively. H1 and H2 can be acquired by processing the GPS
data collected from monuments A and B. The height differ-
ence between the two bottom centers of preamplifier (L) can
be obtained by the leveling measurement. The distance be-
tween A and B is very short; thus, the difference in the
geodetic height is equal to L, i.e.,
L ¼ ðH2 þ h2Þ  ðH1 þ h1Þ (1)
The PCVs are corrected using the absolute calibration of
PCVs when the geodetic height is acquired. The two sides in
equation (1) must theoretically be equal to each other.Fig. 1 e Testing principle for the height difference
comparison.
Fig. 2 e Installation of the GPS antennas (The dHowever, the results of our experiment indicated that both
sides of equation (1) are not equal and show systematic
variations. This variation can be expressed as
dh12 ¼ L ðH2 H1Þ  ðh2  h1Þ (2)
which is the relative vertical offset for the GPS antenna phase
center.
The ASHTECH, LEICA, and TOPCON antennas, which are
often used in CMONOC I and CMONOC II, were installed in the
monuments of GPS ultra-short baselines. The experiment was
continuously performed over four days and strictly adhered to
the “Technical Regulation for Crustal Movement Observation
of China.” The installed antennas in the first two days were
identical, whereas some of the installed antennas in the last
two days were changed to other types.
In Fig. 2, ASH1 denotes ASH700936E_C, ASH2 denotes
ASH701945B_M, ASH3 denotes ASH701945C_M, TPS denotes
TPS CR.G3, and LEI denotes LEI AT504. The TPS CR.G3
antenna has been used in the CMONOC II project since 2011.
Therefore, we estimated the relative vertical offsets for the
antennas with respect to TPS CR.G3. In the surveys
conducted in the first and last two days (Fig. 2a, b,
respectively), the baselines of each antenna with respect to
the TPS antennas installed on the EC07 and EC11 sites were
observed. The baselines between the same types of
antennas, such as LEIeLEI and TPSeTPS, were also measured.3. Results and discussions
The Bernese 5.2 software was used to process the GPS data,
and the PCV.I08model was used to correct the PCVs. Since the
lengths of the baselines were very short (3e5 m), the double-
difference observations can effectively eliminate the trans-
mission errors from the satellites to the receivers, and the
double-difference ambiguities of L1 and L2 were directly fixed.
By introducing geodetic height H derived from the GPS
data, measured antenna height h, and the level height differ-
ences between the two bottom centers of preamplifier L into
equation (2), the relative vertical offsets for any two antenna
phase centers can be obtained. The results of the relative
vertical offset are listed in Table 1 and shown in Fig. 3.
Although the absolute values of the PCVs have been
considered in processing the GPS data, vertical offsets still
exist between two antennas, as shown in Table 1 and Fig. 3.
The offset for the LEI AT504 and TPS CR.G3 antennas is
maximum, which reaches up to 8.4 mm. The offsets for the
three ASHTECH antenna types are also different. With
respect to the TPS CR.G3 antenna, the relative offset for theashed lines indicate the pairs of baselines).
Table 1 e Relative vertical offsets for the antenna phase centers (units: mm).
Antennas Baseline First day Second day Third day Fourth day Average
ASH1eTPS EC02eEC07 2.3 3.0 d d 2.3
EC02eEC11 1.5 2.2 d d
ASH2eTPS EC20eEC07 2.4 2.7 d d 3.0
EC20eEC11 1.6 1.9 d d
EC27eEC07 3.5 5.1 d d
EC27eEC11 2.6 4.3 d d
ASH3eTPS EC10eEC07 6.4 4.9 d d 5.5
EC10eEC11 7.3 5.8 d d
EC15eEC07 5.2 3.9 d d
EC15eEC11 6.0 4.7 d d
LEIeTPS EC02eEC07 d d 10.7 8.8 8.4
EC02eEC11 d d 8.7 9.4
EC10eEC07 d d 9.0 7.4
EC10eEC11 d d 7.0 8.0
EC15eEC07 d d 9.1 7.6
EC15eEC11 d d 7.2 8.2
EC27eEC07 d d 9.8 7.7
EC27eEC11 d d 7.8 8.2
LEIeLEI EC02eEC10 d d 1.7 1.3 1.3
EC02eEC15 d d 1.6 1.2
EC02eEC27 d d 0.9 1.1
TPSeTPS EC07eEC11 0.8 0.8 1.9 0.6 0.7
Note: “d” means that no measurement was performed on this day.
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ASH700936E_C and ASH701945B_M are between 2 and
3 mm. The relative vertical offsets for the same type of
antennas, such as the LEI AT504 and TPS CR.G3, are the
smallest, which is approximately 1 mm [7].
Our results indicate that the vertical offset for LEI AT504
with respect to TPS CR.G3 can reach up to 8.4 mm. Therefore,
the horizontal offsets for the different antennas with respect
to TPS CR.G3 should be estimated. Unfortunately, we did not
perform laser distancemeasurement in our experiment; thus,
wedidnot have a “real”horizontal distance for comparison. As
a result, we computed the differential horizontal distance for
the baselines observed in the surveys. The results show that
the horizontal offsets for the tested antennas with respect to
TPS CR.G3 were not more than 0.5 mm, which is negligible.Fig. 3 e Comparison of the relative vertical offsets for the
antenna phase centers.4. Conclusion
According to the results of the five stations, we can draw
the conclusion as follows:
By collecting GPS data in a network composed of GPS ultra-
short baselines and considering the absolute values of PCVs,
we found that relative vertical offsets still exist in several
antennas in our experiment. With respect to the TPS CR.G3
antenna, the maximum offset for the LEI AT504 antenna is
8.4mm, the secondary offset for the ASH701945C_M antenna
is 5.5 mm, and the offsets for the ASH700936E_C and
ASH701945B_M antennas are between2 and 3 mm. Even in
the ASHTECH antennas, differences of several millimeters
exist betweenASH701945B_M andASH701945C_M. The offsets
for the same type of antennas are approximately 1 mm. We
also calculated the horizontal offsets for the different an-
tennas with respect to TPS CR.G3. The results suggest that by
correcting the absolute PCVs in the GPS data processing, the
effect of the horizontal offset for horizontal positioning is
negligible.
The relative vertical offsets obtained from our experiment
can be used to correct the vertical components of a time series
of campaign-mode GPS data, thus realizing high precision in
crustal vertical movement. On the other hand, we should use
the same type of GPS antenna as much as possible in every
GPS station in different surveys during high-precision vertical
crustal movement monitoring [2,6].
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